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HNIITHUH KAJIIIBI MYHO310MOCY

JucceprannsijibIK TeMAaHbIH aKTyaJIyyJayry. Koiprei3
Pecnyonukaceinarel Kamamxaii cypema komOuHathl (KCK) 1936 bUibl HINKe
KUPTU3UWITeH. bamTankel 3Tanta, eHAypyll >KEPrIIMKTYY KEHAEPAU UIITETYYTe
HETU3IENTeH, OUPOK KEHIETW CYpbMaHBIH YJYIIY a3alraHibIKTaH, KOMOWHAT
KUIUH aJIbICKbl JKaHAa AKBbIHKbI YET OJIKOJOpJeH allblIHraH YUWKHU a3bIKTapbl
umreryyre otkeH. CypbMma OHAYPYYHYH THUIPO KaHa MUPOMETAILTYPrHUSIIBIK
MPOIIECCTEPUHE ap KaHAal KaJabIKTap Takga OoJym, ajap: TallTaHIbl Kymaap
(kBapil, clIaHel] CHIHBIKTAPhI, XJOPHJI, CEPULIM], Tajlaa IINaThl, CIIOAa, CypbMa),
mreiiH (Anxop-CaiplH TYWTYTYHAO >aMraiikaH), LHUIaK, KyHY OK KEHJEp
(Kamamrkaii KCHWHHH KaJJIBIKTAphl); KEKTEp »aHa MEII CBIHBIKTAPhl KaTaphbl
TONTONTOH. baapAblk WMpW TamITaHAbUIAp OUp KbliAJa >Kep asHTTapblH 33JICHT,
aHJaH THIMIKAPhI, OyJ JKep THIIKEJIepH KalpajaH MINTETUIITCH dMEC KaHa arbIHJIbl
CyyJapJlIblH TaacUpU MEHEH Kbulblllyyra kupuntep. KoMmOMHATTBIH TY371yy
ANEKTPOJIUTTUK KOJIMOJepy Ja, a3bIpKbl yuypjla Keuremyy abanma typar. Anap
)Ketu OenykTeH Typyn, aeHu3 jaeHr»’iauHeH 1000-1200 merp OMHMKTHKTE
Karpan6amibsl T00 KbIpkachkl OoroHua, DepraHanbl KO370M, TYIITYKTOH TYHIYKO
Kapail skalramibil, CypbMaHbl THAPOMETAJUTYPTUSIIBIK KOJ MEHEH OHIYPYYAo
naiija OOJITOH CYIOKTYKTAapJbl CaKTOO YYYH KOJIOHyJaT. OIIeHTuIn, cypbMma
OHJIYPYLIYHIOTY KaIABIKTAPABIH ©3AYK 7JJI€ 53MEC, TJOOAIIbIK MYHe3Jery
TEXHOTCHAUK OachIMbl XOHYHA® co3 Ooiyiym >karar. YKoropynaarbl KepCeTYJreH
KeHreiyiop/ly 3CKe alyy MEHEH CypbMa >KaHa aHblH KalJbIKTapbl OOIOHYa Oup
KaTap OSKCIEPUMEHTAJJIBIK JKaHa TEOPHUSJIBIK  H3WINeeNep  KYpPry3yJireH
[Conoxenkun ITI.M., VcybakynoB M.Y., baes C.A., barkuGexoBa M.B.,
Kynymanuesa T.I11., Maiimekos 3.K., Carsibanaues O.C. xk.0.].

JluccepTanusuibIK UIITe KOMOMHATTHIH K€K KaJIJIBITBIHAA CypbMa aHTUMOHAT
KIbIIUMA JKaHa CypbMa TUJIPOOKCOKBIYKBIIbI TYPYHIA® KE3JCLIUI, AaHbIH
cymmapaeik  yuaymy 4,5% dermnae oskenauru kepceryireH. CypbMma Kek
KQJIJIBIKTAPhIH W3WII0O SHTPOIMMS MaKCUMAJIBIK jkaHa ['MOOC SHEpPrUsCHIHBIH
MUHUMAJIJBIK IIApTHIHAA aTKaApBUIALI, KaTyy (a3zaHblH aXbIPOO MPOIECCUHUH
(bU3MKa-XUMUSUIBIK  MOJICNIA  TY3YJYI, aHJarbl OUPUKMENIEPJIUH Ta3-CyIOKTYK
abanra etryury O€NTWMJEHIM, ara bUIAMBIKTYY CypbMa KbIUYKBUIIAPBIH —alyy,
KAJIIBIKTAp/IbIH aillaHa-yeiipere OOJTOH TEXHOTEHAMK OachbIMbIH a3alTyy OpYH
anjpl, OyJ xkarjail OepUJIreH UIITHH AKTYAJAYYJIYTYH aHBIKTAMT.

JAuccepranusiyibiKk TEMAHbIH MPU WIMMHH nporpaMmmasap (101000pJaop)
’JKaHa Heru3ru WIMMHMHA - W3WI160 UINTEPH MeHeH OailylaHbIIIbI.
JuccepTanusuiblK Uil XUMHUSI J)KaHA XUMUSIIBIK TEXHOJIOTHS MHCTUTYTYHYH WJIUM
VM3WIAe6 Wl IUIaHblHA: <«OKaHbl MaTepuangapibl ajlyy jKaHa alaHa-dyeupeHy
KOproo MakcaTbiHga KeIprei3cTaHAbIH TAOWUTHI MUHEPAIIBIK JKaHa TEXHOTCHINK
3aTTapelH Kaiipa wumreryy»; Oenyk «CypbMa OHAYPYIIYHYH KaJIbIKTapbIHAH
CypbMa >KaHa MBIIIBSIKTEI OOJYN adyyHYH KaJIJBIKCHI3 >KaHa SKOJOTHSUIBIK Ta3a
TEXHOJIOTHACHIH uirTen ubiryy» (2011 - 2012 xk.); 6enyk «CypbMa jkaHa ceipek
Ke3JIelyYy4y MEeTALIAapAbl KapMaraH KeHJIEpAH KaHa KaJJAbIKTapAbl KOMILIEKCTYY
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utren 4biryy» (2012 - 2015xx. sxana 2016 - 2019 xok.) MaMIeKeTTHK KaTToo No
0007080.

Nmrun makcatbl. CyppMa kek kaaabirbiH (KCK) rasz-cyrokTyk 4eipecyHe
QKBIPOOTYYHYH (DU3UKA-XUMUSIIBIK HE3M3WH TY3YY KaHa KEKTUH HETH3uH/Ie
cypbMa KerukbutbiH (1) amyy.

Koronran maxcarrapra bUIaliblK H3WIJOOHYH TOMOHKYAOU MaceJieJepH
AHBIKTAJIBI:

- kek KanaeirbiHbiH (KCK) dazainbik jxaHa 31eMEHTTUK KypaMbIH aHBIKTOO;

- cyppMa Kek KanabirbiHbIH (KCK) axxpIpoo mpoleccuH TepMOAMHAMUKAIIBIK
MOJICJIICIUTHPYY, CypbMaHbl KapMaraH KOMIIOHETTEPAMH >XaHa OelyKuelepayH
ra3-CylokTyK ueilpecyHae maijga Oonymly, 3 apa allaHblIITapbl KaHa
TeMmreparypajad O0JITOH TaaCHUPJICPHUH aHBIKTOO;

- KCK cyppma Kek KalIbITblHAH CypbMaHbIH KbIMKbUTBIH (1) amyyHyH
MPUHITUITHAIIBIK TEXHOJOTUSIIBIK CXEMAaChIH TY3YY.

Naumvnii mmtun skaublUibilbl. KCK cypbMa KeK KaJjabITBIHBIH (U3HKa-
XUMUSUIBIK ~ MOJICIM  TY3YJy SKaHa OUPUHYM IKOJIY KOMIIOHETTEpP MEHEH
OeTyKYeNIepYH ra3-CyloK (azanapaarbl KOHICHTPAUSIIBIK TapaIbIIibl TaObLIIbI.
CyppMa, Kek KamapIrbiHAa aHTUMOHAT Kanbiuii CaNaSb,Og(OH) xaHa
CYpbMaHbIH THAPOKCOKBIUYKBLUIBI SbSb,Og(OH) TypyHAe ke3aemuiind KopcoTyay.
Xoropky TeMmmeparypaiblK KbIYKBII YOHPOI© CypbMa KEK KalIbIThl aKbIparaHaa
KOHICHCHUpJICHTeH (azanap maiga 60iot: SiO,(k), Al,O3(k), Fes04(x), MgSiOs(k),
CaSiOs(x), Na,Si,Os(k); ShyO4(kx), Sb,Os(k). CyppMma Kek KalabITbIHAArbI
cynbGuAIUK (pa3a Ty3 KHUCIOTACBIHBIH YOMPOCYHAO® METALAAPABIH XJIOPUIIECPU
(FeCls, NaCl), omonmoit 31ne KYKYpT KUCIOTACHIHBIH YOMPOCYHII® MapraHEeITHH
koIl KbI9KbUTbI (IV) MeHeH apaKeTTeHWIIMIT CypbMaHBIH XJIOPAYK KBIYKbIIbIHA
(SbOC) aiinanat, 3bIIHAYY (POCreH *aHa KYKYPTTYY CYyTeK OeilyHOeWT, al sMu
SbOCI aMMOHUUIUH CYY KBIYKBUIBI K€ HATPUUIUH KapOOHATHl MEHEH peaKIlusra
kupwurt, cypbManbiH (III) kbrakeuibia 6eper. CypbMa KeK KalAbITbIHAH CypbMaHbIH
KbIukbUTBIH (1) anyyHyH MPUHIMIHAIABIK TEXHOJOTHSUIBIK CXEMAChl TY3YJIAY.

AJIBIHTAH KbIABIHTBIKTAPAbIH MPAKTHUKAJBIK MaaHucu. Cypbma Kek
KaJIABITbIHBIH / (F6203 S|02 - 255) + (FeSZ - 212) + (F9304 - 124) + (NaGFeS4016
- 121) + (Fello580.g5 - 11) + CaNaSbZOGOH - 82) + (SbSbgO(;OH - 54) + (N&AIOZ
- 265 + (MgO - 0.13) + (CaO - 1.67) / (Qusuka-XUMHSJIBIK >KaHa
TEPMOJMHAMHKANBIK  TapaMeTpiiepd  OpPraHUKAIBIK  5MeC  XUMHUS  JKaHa
OpPraHUKAJIBIK JMEC 3aTTapAblH TEXHOJOTUACHIHAA aJWCTUK YCyld KaTapbl
KOJIZIOHYJIYITY BIKTBIMAIT, CypbMa K€K KaJIJIBITBIH KbIUKBII YOHPO10 aKbIPATYyHYH
*aHa CypbMaHbIH KbIUKbUIBIH (II1) amyyHyH NOpHHIMIHAIABIK TEXHOJIOTHSIIBIK
cXeMachl 3arTapabl Oeylyy »aHa Ta3ajloo TpoIlecCTepuHaAe maimanyy Oomyn
JCenTeneT.

JuccepTansiHbl AJIbIN YbITYYHYH KaHA *KAKTOOHYH Heru3Jepu:

e KCK cyppMa Kek KanabITbIHBIH (ha3aIbIK dKaHa AIEMEHTTHK KypamIaphl;
e cypbMa Keru-KbuKeuITeK (1), cyppMa Keru (CypbMaHbIH CYIb(MHUIN) - TEMUP
xmopuau(l1l) - Ty3 kucnorace (2), cypbMa Keru (CypbMaHbIH CYJIbQUIN) -
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xyopuan (3) cucTemManapbiHIarbl KOMIIOHCHTTEPIUH KOHIICHTPAIUSIIBIK KO3

KapaHIbUIBIKTAPHI,

® CHCTEMaHbIH (DU3UKA-XUMUSIIBIK dKaHa TEPMOJMHAMUKANIBIK MapaMeTpiepu,
KaCHETTEpUHUH ©3Trepyll MblH3aM YeHEeMAYYIYKTepy, (dazanapasiH (T,C,K)
naiiga 60Jyy mapTTapsr;

e KCK <cyppbmMa KEK  KaJIIbITBIH  QXBIPAaTYyHYH  MPUHIIUITHAIIBIK
TEXHOJIOTHUSJIBIK CXEMACHI JKaHa KeKTeH cypbMaHbIH KeIuKbLIBH (I11) amyy.
M3nineeuyHyH :xeke cajibiMbl. CypbMaHbIH K€K KaJJIBITBIHA XUMUSIIBIK

’KaHa CIEKTPAIIBIK aHAIU3ACPIU KYPry3yl, aHblH (azalblK >KaHa AIEMEHTTHK
KypambIH Ta0yy; CypbMa K€K KaJJIbIThIH KbIUYKBUI YOHPO© aXbIpaTyy jKaHa ras-
CYIOKTYKTa Taiiia OOJITOH KOMIIOHEHTTEPJIMH >KaHa O0eJyKuelepayH TeH
CaJIMaKTYyJIyK KypaMbIH JKaHa KOHILIEHTPAUMSJIbIK TapaJbIIbIH aHBIKTOO; KaTyy
dazanbpl OacKbIYTYy KOJ MEHEH SpUTYY aHa aHbIH HETU3MHAE CyphbMa KeK
KaJJIbITbIHAH  CypbMaHbIH  KblukbUlbIH ~ (I1l)  anyyHyH  NOpUHIMITHAIIBIK
TEXHOJIOTHSJIBIK CXEMAChIH TY3YY.

N3ungeenepayH KbIMBIHTBIKTAPLIH  anpodauusuioo. HswineenyH
HETU3TU JKBIMBIHTBIKTApbl OOIOHYA AJ1 apaliblKk JKaHa PECHyOJUKaIbIK WIMMUN
KOH(pepeHIHsIIapia OWIupyyiep kacamiel: «Okonorus W ku3Hb» (Poccwus,
[len3a, 2013); «OO6pa3zoBaHKe W HayKa B YCIOBHSX COIHMAIbHON MOICPHHU3AIMU
Kazaxcranckoro o6mectBay (Kaszaxcran, Tapas, 2013); «Hacupmun HcanoB -
BUJIHBIN rocynapcTBeHHbIN aestenb Keipreizckoit Pecyomukuy (KI'YCTA, 2013);
«International Conference on Civil and Environmental Engineering.ICOCEE
(Cappadocia, 2015 - Nevsehir, TURKEY); «TexnocdepHas 6€30mMacHOCTb: Hayka
u mnpaktukay (bumkek, KPCY, 2015); «MuHepaabHble pecypchbl, MOArOTOBKA
WHKEHEPHBIX KaApoB U mpoodsembl ocBoenus Heap» UI'ul'T mpu KI'TY MOH
(KP, Bumkek, 2015); «MHHOBanMoHHas Hayka Ha mopore XXI| Beka: 371 apaibiK
WinMuil KoHpepeHius, XUMus HHCTUTYTYHYH 75 - ®bUiabsirbiHa apHanrany (HAH
KP, UXu®, bumikek, 2018); wmumuii cemunapiapaa (kadeapa «IIpomblnuieHHAs
oe3omacHoctey MIul'T, 2018%.); KTY «Manacy OKOJOTHSIIBIK HWHXKCHEPHUS
oenymy (2018 k) >xaHa KEHEWTWJITeH JjadopaTopHsuibiK KblibiHIapaa (MXud
HAH KP, 2018 x.) Ounaupyyiep >kacajiipl.

Jucceprauus HATBIKAJTAPBIHBIH JKapbifjaMaiapaarbl
YArbUIBIIBIHBIH  TOJYKTYYJAYry. JlucceprauusiHbH HaThlikanapbl OOKOHYA
XKanmbIchlHAaH 13 wmnamMuii Makama >Kapblka YbIKTHI, amapabiH wumHae PUHIL
CUCTEMaChIHA KUPTU3WITEH dMTEeKTep Oap.

JAuccepranMsiHbIH TY3YJYLIY KaHA KeJaeMy. Juccepranus KApuIl ce3, YU
OemyMm, THISIHAK KaHa TUpKeMenepaeH TtypaT. KommoHynran amaOusiTTapabiH
tu3Mecu 154 pickiMabl Ty3eT. M KOMOBTEPAUK TEKCTE >Ka3bUibil 177 OGapakThl
KaMTBIUT, aapeiH nuuHe 8 tabmuia, 21 cypet 6ap.

HUIITUH HET'U3I'N MASMYHY
Kupum ce31e TemaHbIH akTyajAyyiayry, HW3WIIOeNepAYH MaceselepH,
MAaKcCaThbl, )KOJIIOPY, )KaHBUIBITHI, MJIMMHAN UIITH aJblll YbITYYHYH KaHa )KaKTOOHYH
HErU3JepH, MPAKTUKAJIBIK 0aanyayyry, OLIOHAON 3Ji€ YbIKKAH 3MIEKTep, UIUMUN
KBIMBIHTBIKTAPAbIH allpo0alsAChl )KaHa IUCCEePTALUSHBIH TY3YIYILy OepUITeH.
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Kexk KaaapIKTapblH TEXHOTEeHJAUK 4YHIKH 3aT Karapbl Kaiipa
HIITETYYHYH MYMKYHYYJYKTOPY

Kek - kenaeH Gaalyy KOMIOHEHTTEpAu OeJyn ajyy MpolecCHUHAE Maiiaa
00NTOH 2pubereH Karyy KajiJblK. ['Mapo- jkaHa MUpo METaTyprusijia KeKTepJeH
(TeMupIYY, KOPTONIYHIYY, IUHKTYY, KOOAJIbITyy, CyphbMallyy, HUPKOHHUIIYY,
bTOopUATYY, THUAPATTYY, KYKYPTTYY, MBIIIBSK-KAJIbLUNIYY, Ke€3 - CyIbpHUATYY,
TEMHp - TOPUMIYY, Kajad, alTbIHABI KapMmaraH 3pUOEreH KaTyy KaJIJbIKTap)
MeTaIapApl  Oenmynm  alyy  MakcaThlHIa  Kaijpa HMINTETYYHYH — TYPIYY
MYMKYHUYJYKTOpY Kapanran.Kek kanaplkTapbl OOIOHYA JUCCEPTAUSUIBIK HIITE
OenruiieHreH aaalOusATTBIK OasHAapaa, ajapAsl Kaldpa HWIITETYYAe KBbIYKbLI
yelipene OalKbIl JSPUTYY KaHA KON KHUCIOTAJIBIK JPUTMENEPAE HIITETYY
MYMKYHAYTY KepceTysiay. Kek KanabIKTapbl Kell KOMIOHETTYY, TEXHOTEHIUK
KOLIyJIMa TYpZIe KE3JACLIET, aHblH WYMHJE CypbMa OHIYPYLIYHYH KaJJIBIKTaphl
0ap, OMIOHAYKTAaH alapAblH ailllaHa - yelipere TUNIM3I€H TaaCUpJIEPUH a3alTyy
DKOJIOTHSJIBIK MAaHWre 73. O3rede cypbMa OHAYPYYYY PaHOHAO 3KOJOTHSUIBIK
TOOOKETUMINKTH 0aajgoo, MIUTETWITeH 3JIEKTPOJMTTEPAUH ca3ra aijgaHyyCyH
KaHa Kep alJbIHJarbl cyyJapra KOIIyJyllyH OoyTyp0oo, OIIOHAON 3J€ cypbMa
KAJIIBIKTAPBIHBIH ~ ©CYMIYKTOPJ® JKaHa TOINYpAaKTa CHHUPWIMILKAH a3alTyy
Y3TYJITYKCY3 WIMMHI - MPAKTHKAIBIK HM3WIIE6JIOpIy KYPry3yl TypyyHY Talall
KbUIaT. Yryra OaillIaHbIITYy WIMMUANA agaObusaTTa ap KbUI KYMYIITap OPYH ajJbl:
cyppmanbl (I1l) keMypTeKTMK HAHOTYTYKYOJIOpY, TEMHUPAUH CYY KBIYKBLIBI,
FeMaTUTTUK MarHuT HaHOOeJIyKYenepy »kaHa (eppUruIpUT MEHEH COPAYPYY;
cyppManbl (V) cyylnaH KajdbUuid KyMy JKaHa T[OJUMEPAUK aHHOHUTTUH
dKapAaMmblHIAa TEMHUPJIMH THUAPAT KbIYKbUIJAPhl MEHEH apbuITyy, ajl »3MHU
CYpbMaHbIH KOLIYJMaJapblH CyyJaH »>JEKTPAUK KOaryJsilusi KOJy MEHEH
ypIrapyy; cyyiayy oputmenepaeH cypbmanbl  (III)  Fe,O3/Fe;0,/C  Typran
KOHIOWIYY MaTpuialap apKbUlyy COpAypyH ajlyy,; TEPMOJIMHAMHKAJBIK aHAJIU3
KYPry3yY JKaHa KEKTH KHCIOTalapAa »JpPUTYY ME3THIMHAE OpyH airaH
BIKTBIMAJIIYy ©3 apa ailnanyynapisl 0aaM700; OallTanKkbl apajaliMaiapaarsl
KOMIIOHETTEPJIMH (pa3asibIk KypaMbIH >KaHa SJIEMEHTTEPAUH TapajblliblH Talyy;
KEKTUH KbIYKbUIAHYY-KaJIbIObIHA KEJIYYCYHJOTY ONTHUMANJbIK OalKbil 3pYyY
mapteiH - Ta0yy [Conoxenkumn I1.M., baes C.A., BarkubekoBa M.b.,
Kynymamuea T.III.]; kem KOMIIOHEHTTYY «ra3 - CYIOKTYK - KaTyy 3aT»
CUCTEMCBHIH H3WIJIe6, KaTyy (a3zaHbl aXbIpaTyy MNPOLUECCUHUH ONTHUMAJJIbIK
napamMeTpuH aHBIKTOO 3>kaHa KbIukbll ueipene kekth (KCK) konBepcusiinoo
TEXHOJOTUACBHIH umTen 4biryy [MaiimekoB 3.K.] e3reue maaHWre 33 SKEHIAUTH
oenrunenred. JKoropyaa »aspUIraHjgapiabl 3cke anbin, Oyn wumre Kamamxkait
cyppMa komOWHATHIHBIH (KCK) Kek KanmpIrbl aHamu3[IeHId, aHBIH aXXbIPOO
IPOLECCUHUH (PU3HKA - XUMUSIIBIK MOJIETH TY3YJAY *KaHa CypbMaHbIH KbIUKbUIBIH
(Il) xex KamABITBIHAH ANTYYHYH HPHHIUIHAAIIBIK TEXHOJOTHSIIBIK CXEMAaChI
WIITEIINIT YBIKTHI.



CyppbMa KeK KaJJbITBIHBIH aTOMAYK-a0COPOUHUAJIBIK, PEHTreH -
(hazanbiK, peHTreHCHeKTPAIAbIK aHAJIU3IEPH KAHA PACTPABIK IEKTPOHAYK
MHMKPOCKONHUSA

CyppMa KeK KaJJbITbl aTOMIYK - a0copOrusuibik criekrpomeTp (AAnalyst
800, Perkin Elmer, Ta6iu.1) apkeinyy ananuszaenau. Ananuzae yiary 373 - 383 K
kypratbuibillt >kaHa JICA 400 tuOunpern amnmapaTra MalJaldaHblll KYKYMIe©
aitmangpl. ESSA mukcepunne karyy ¢aszansin Oemykuesnepy 0,027 mm uelinn
aHJaH apbl MaliaIaHbIn (3JIEK aHAIM3M), Tajbima aparsl (1 Taxpsiiida) skana ken
xkucioranyy (HNOs, HCI, HCIO,, 2 Taxpsiiiba) spuT™Mernep MEHEH CyIoK (asara
eTKepyyy. bupnHun Taxpsiiibaga kek yarycyHe 66% nagsima aparsl KOLILYJITY
xaHa an 100°C Oup kapbIM caat bICBITBULABL. ApanaliMa My3/JaraijaH KHillH, ara
nakd ctanaapT (400r wuaauid 1ouTp spuTMene) Komryiyl, konbanapaa 12 caaTka
YeHWH apaNalliThIPbULABI. ODKWUHYHM TaXphliibama, yary (TopruiacTUKAIIBIK
CTakaHjapia JAWCTHPJEHTeH Cyy MeHeH HbiMpanbin, ara HF  xana
HNO3:2HCI:2HCIO,; xucnortamapeiibiH 1:1 KaThIMIBIHAATE KOHIICHTUPJICHICH
sput™Me Komryiay. Aunsiarad mMacca 250°C y4 caaT 000 BICBITBUIABI. Apaaiima
Kyprak OyyJIaHTBIN aiijaNranjiaH KHiWH, My31aTbulasl. bup cyrkanan kuiina 17°C
YIryre aHajau3 kacaiabl (Kopemmnusuiblk  koddduiment 00,9995, abaHbIH
HBIMAYYJIYTY, TICUXpoMeTp Oororua 4,2%).

CyppMa KETHMHACTH HETH3TH XHMFSUIBIK JSJIEMEHTTEPIN Jarbkl OWp KOy
TaKTOO JKaHa Oallka »JJIEMEHTTEpAH, ajaplblH KOLIYJIMAJapblH aHBIKTOO
MaKcaThlHa WHAYKTUBIYY IUIa3MaHBIH HETHU3WHIICTH ONTHKAIBIK SMUCCHSIIBIK
cuektpometpauH (ICP OES Optima 7000, tabm. 2) skapaamblHAa XUMHSIIBIK
aHaJIM3 XKYPry3yJIay.

KCK kek KanapIrbIHBIH (pa3anblk KypaMbl KapblM CAHJIBIK PEHTTEH(]a3anbIK
anamu3 (D8 Advance /Bruker/) menen anbikTanmel. Judpakrorpamma xaHa
TETU3UKTEp apachlHIAarbl apajbIKThl 3centeeo, (azamapasl Tadyy EVA,
Search/match mporpammansik >xa0apuTbTapAbiH Herusuuae PDF-2 kykymayk
nudpakromerpaud (3 Tabda., 1 - 2 cyper) Oa3achlH mNaiianaHbIN aHBIKTAJIbI,
OLIOHJOW dJIe PACTPABIK DJIJIEKTPOHAYK MHUKPOCKOIHUS, PEHTTEH-CIEKTPIANK
MuKpoaHanu3 Kypry3yiaay (JXA-8230 JEOL dupmacel, 37IeKTPOHAYK 30HIIYK
MHUKpOaHamu3aTop, ublHanyy 25kB, Ttoxk 4HA). Yuarynep «HUCCHH»
bUpPMachIHBIH JKH JKaKTyy KOMYPTEKTHK TOK OTKOPIYYYYy >KaOBIIIKaK
TacMajiapblHa ceOeNeHaN KaHa MUKPOAHAIU3aTOPAYH JaTyHIyK KapMarblyTapblHa
OexkuTUINN, OaapAblK aHIUIMpTEpAH OalKOO >XKaHa eJ4ee Y4yH Oupaei mapt
Ty3ynny. Kekrern cypbMaHbBIH TapasiblllibiH j)KaHA ©JTYOMYH aHBIKTOO MaKCaTBIHJIA
CaHJbIK dBHeproaucrepcusuiblik  cnekrpomeTpauk (DC) ananmu3 xacaisl
(onemeHTTEp OOMOHUA KapTupiiee bIkMachl). DJIC aHaIU3MHAC JJICKTPOHIYK
HypAyH auameTtpu 1MkMm, kektuH cypetrtenymry 100 kana 250 sce 4OHOMTYIIyIT
Ooupunuu cyperre Oepuiau. CypoTTe KapaHThI AJIeC DJIEMEHTTHUH JKOK Ke 0T a3
CaHBIH, aJl DMH aPbIK 3JI€C KEKTETW AJIEMEHTTHH CAaHBIHBIH apObIH SKCHJIUTUH
ownguper. Ap TYPAYY 2JecTepAuH Oupu-OMpuHE Jai KEJIWIIU AIEMETTepIuH
apaJialMachliH KOPCOTOT.



CypbMaHBbIH KeK KAJAbITbIH a’KbIPATYy NpoueccHH PpU3NKa-XUMHSJIBIK
MOJIeJII00 KaHA KEKTHH Heru3uH/e CypbMaHbIH KbIYKbLIBIH (111) amyy

AToMyK-aObCcopOIUsIBIK J)KaHa PEHTreH(a3alblK aHATN3IECPANH HETH3UH/IC
CyppbMa K€K KaJJIBITBIHBIH (PHU3UKA-XUMHUSUIBIK MOJETH TY3YJAYy »KaHa aHbIH
XKBIPOO Tporeccu m3mwiaeHau. Katyy ¢a3aHblH aHaTU3Iepu KEKTHH AJIEMEHTTUK
Kypambl TaTaal SKEHIUTMH KypceTTy (Tabn. 1): kKaamuii, Xpom, *e3, ChIMAI,
MOJIHOJICH, HUKEITh, KOPTOIIYH, ITMHK, MBIIIBSIK JKaHa cypbMa. Kektern cypbMaHbIH
emuemy 44016 - 44426 ppm (1ppm = 0,0001%), 6.a. 4,4 % Ty3ay. OnTHKAIBIK
OMUCCHSUIBIK CIEKTPOMETP/IEC HETH3rH jKaHa KOIIyMYa 3JIEMEHTTEpP aHBIKTAJIJIbI
(Tabm. 2): KyMyIl, aJlOMHHHNA, MBIIIBSK, Oapuil, OCpWILINA, BUCMYT, KaJbIU,
KaJMHUH, KOOAJIbT, XpOM, Ke€3, TEMUP, CbIMaIl, KaJui, JaHTaH, MarHui, MapraHeil,
MOJIHOJIeH, HaTpui, HUKENb, (hochop, CypbMa, CKaHIUN, CEJICH, OJIOBO, CTPOHIIHH,
TEJUTyp, TUTaH, ypaH, Bodb(paMm, UTTPUH, IMHK, [IUPKOHHUI; KEKTETH CyphbMaHBI
kapManbibel 3,53 - 4,18 %; temup 275270 - 290092 ppm xe 27,52 - 29,00 %,
HapTuit 87761 - 886002 ppm xe 8,77 - 8,86 %; xykypt 18,28 - 18,93 %.

Dueproaucrepcusuibik aHanusae: O, Na, Si, S, K, Mn, Fe, Cu, Zn, Sb
KOPCOTYJITOH JKaHa anapibiH eademaepy Oepwiren (1 skaHa 2 cypert). AJIbIHTaH
HaThIKanap 00IOHYA KEKTE KYKYPT, TEMUp KaHa HATPUNUIUH MACCaJIbIK YIYIITOPY
Oamka XHMHSJIBIK 3jeMerTepre kaparanga kem (1 skama 2 TaOJl.); KEKTETH
CypbMaHBIH KapMajbIsl 3,53 - 4,5 %.

KCK cypbMa keK KaJIBITHIHBIH (ha3aJIbIK KypaMblH aHBIKTOO MaKCaTBIH/A,
KapbIM CaHJIBIK PEHTIeH-(ha3abIK aHaU3 KYpry3yany (3 - cyper, 3 - Tab:x.) xkaHa
cyppbMa KekTe KanbnuiaelH aHtuMoHaThl CaNaSh,0Os(OH) xama cypeMma
THIPOOKCOKBIYKBUTEI SDSD,06(OH) TypyHI® Ke3aenepu TacThIKTaIbL.

KCK cyppMa K€Kk KaJIbITBIHBIH XUMHSUIBIK Matpuracel Ty3yiamy (%) //
(F6203 S|02 — 25,5) + (F682 — 21,2) + (Fe304 — 12,4) + (NaeFeS4016 — 12,1) +
(F91.05SO.95 - 11) + CaNaszoGOH — 8,2) + (SbSbgOGOH — 5,4) + (NaAIOZ — 2,65)
+ (MgO - 0,13) + (CaO — 1,67) + (O, - 100); anmeMeHTTUK Kypambl, MOJIB/KT: Fe -
3,596, O - 38,417, Si - 0,579, S - 2,769, Na - 0,886, Ca - 0,246, Sb - 0,364, H -
0,154, Al - 0,161, Mg - 0,016//.

1 - Tabnmuna. Atomayk-abcopOmmsuibik criekrpoMerpauk (AAnalyst 800, Perkin
Elmer) ananu3 6ororua KCK cyppma KeruHUH 351eMEHTTHK KypaMbl (ppm / %)

yiry | AS Cd Cr Cu Hg Mo Ni Pb Zn Sh
xex | 10086 | 29 83 890 4 0,9 95 8258 | 3310 | 44016
1 | 0,0029 | 0,0083|0,0890 | 4-10®° | 0,9-10®° | 9,5:10° | 0,8258 | 0,3310 | 4.4
xex | 10427 | 29 85 897 5 0,9 93 8327 | 3279 | 44426
1 | 0,0029 | 0,0085 | 0,0897 | 5-10° | 0,9-10®° | 9,3-10° | 0,8327 | 0,3279 | 4,4




2 - Tabmuna. OnTukanbik - aMuccusibik ciekrpomerpauk (ICP OES Optima 7000)
ananu3 6oroHua KCK cyppma KeruHuH 31eMeHTTHK Kypambl (ppm/%)

yary [Ag] Al | As | Ba | Be |[Bi|] Ca | Cd | Co | Cr | Cu
naabilia - aparsl MCHCH aXXbIpaTyy
kek | -1 | 149 | 313 47 |05 -35 | 1149 19 23 92 | 1185
-1 | 0,0149 | 0,0313 | 0,0047 | -05 | -3,5 | 0,1149 | 0,1149 |0,1149 | 0,0092 | 0,1185
KOII KHUCJIOTAJIBIK aXXbIPATYYy
xek | -1 |[0,03410,0234|0,0030| -0,5 | -3,5 | 0,0956 | 0,0019 |0,0022 | 0,0485 | 0,1127
-1 | 0,0341 | 0,0234 | 0,0030 | -0,5 | -3,5 | 0,0956 | 0,0019 |0,0022 | 0,0485 | 0,1127
yiry| Fe [Hg|] K [ La| Mg | Mn | Mo | Na [ Ni| P [ Pb
ImaabIa - aparbl MCHCH aXbIpaTyy
kek | 275270 | -1 | 4562 | -10 | 262 | 1387 52 88602 | -1 | 234 | 2373
27,5270 | -1 10,4562 | -10 |0,0261 | 0,1491 | 0,0052 | 8,8602 | -1 | 0,0234 | 0,2373
KOIl KMCJIOTAJIbIK aXXbIpaTyy
kek | 290092 | -1 | 4578 | -10 | 261 | 1491 43 | 87761 | -1 | 211 | 2399
29,0092 | -1 | 0,4578 | -10 |0,0261 | 0,1491 | 0,0043 | 8,7761 | -1 |0,0211 | 0,2399
0
yary | Sb [Sc| Se | Sn | Sr | Te | Ti | U | V | W ]|Y]| Zn Zr
naanimia - aparsl MCHCH aXXbIpaTyy
xek | 4180 | -1 | 325 [ 1833 | 43 | 881 | 168 | -5 | 68 |-10 |-1| 2045 14
4,180 | -1 | 0,032 | 0,183 | 0,004 | 0,088 | 0,016 | -5 | 0,006 | -10 | -1 | 0,204 | 0,0014
KOIl KMCJIOTAJIbIK &XXbIPATyy
xek | 3532 | -1 | 275 [ 1858 | 44 | 684 | 225 | -5 | 66 | -10 |-1| 2097 15
3,532 | -1 | 0,027 | 0,185 | 0,004 | 0,068 | 0,022 | -5 | 0,006 | -10 | -1 | 0,209 | 0,0015

OckepTyy - Tabnuiaaa KEKTETH 3JEMEHTTEPAMH KOHIEHTPALUSCBIHBIH TEPC MaaHUCHU
OepwireH, 0.a. GOHIYK KOHIEHTPALUACHL ©TO kKoropy. byn snementrep my3gak Oyy bIKMachl
MEHEH aHbIKTaNaT.




0.2 mm

1 - cypet. KCK cypsMma kerungeru O, Na, Si, S, K, Mn, Fe, Cu, Zn, Sb tapanbIiibst
KaHa eT9eMIepy

Acquisition Condition
505 Q01IMARA) Instrument  : 8230
S Volt : 25.00 kV
700 Current o 4.00 nA
Process Time : T3
Live time 1 442.23 sec.
60.0 Real Time : 521.02 sec.
DeadTime :15.00 %
= 500 e} Count Rate : 5925.00 CPS
T g Mag. : X 250
w
2. 400
£ P Fe
S a
8 300
20.0 - B
e Sb | Sb
4 Sb | Bbsb Fle
10.0— |
' | alll]
0.0+ A‘
000 100 200 300 400 500 600 700 800 900 10.00
eV
Elements ms% mol% Sigma Net K ratio Line
o 40.29 60.69 0.64 7667921 0.0000000 K
Na 14.26 14.95 0.62 5335567 0.0000000 K
S 18.93 14.23 0.26 217992130.0000000 K
Fe 20.92 9.03 0.75 124831560.0000000 K
Sb 5.60 i e 5 1441 3266409 0.0000000 L
Total 100.00 100.00

KCK cypbMa KermHIeru HETU3ru 3JIEMEHTTEPIUH MACCANIBIK dKaHA MOJIIYK

YJIymTepy

(a)
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001 [MAP 1] Acquisition Condition

80.0 Instrument 8230
s Volt 25.00 kV
70.0— Current ~ :© 4.00 nA
Process Time : T3
Live time : 442.23 sec
60.0— Real Time : 5621.02 sec.
DeadTime :15.00 %
= soo0_| Count Rate : 5925.00 CPS
g 2 Mag. : X 250
w
'.:T 40.0—
= Fe
S
S 30.0-
n
20.0—
Fe Ccu
100 $b sb I | Clu Z|r- | Z|n
0.0~ T 1 4!‘ 1 1
o 5.00 5.00 7 00 8.00 9.00 10 00
eV
Elements ms% mol% Sigma Net K ratio Line
o 38.93 59.66 0.62 7638889 0.0000000 K
Na 13.86 14.78 0.60 5335774 0.0000000 K
Si* 0.33 0.29 0.32 346134 0.0000000 K
s 18.28 13.98 0.25 217992030.0000000 K
K* 0.36 0.23 0.35 410886 0.0000000 K
Mn* 1.55 0.69 0.71 1053738 0.0000000 K
Fe 19.98 8.77 0.71 125045550.0000000 K
Cu* 0.74 0.28 1.35 293494 0.0000000 K
Zn* 0.70 0.26 1.64 239359 0.0000000 K
Sb 5.26 1.06 1.07 3207220 0.0000000 L
Total 100.00 100.00

2 - cypet. KCK cypbMa KeTMHIETH HETH3TH AJIEMEHTTEp JKaHa KOITyJIMaiap IbH
MaccaJbIK KaHa MOJAYK yaymrepy (0)

1200
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1100 | §§ )
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— Sol o R B
1000 I NI g =
TR 3 o3 g g S8
900 3 5| 8 5 8§ T &
il NI -\ ® S
o _g 1':'; _y: —\E D
800 |
700
600 — ; i .
500 — x
\ \ ! \ ! \ \ ! \
10 20 30 40 50 60 7

2 Theta

BN Ls-kB-2 DMagnetite, syn - Fe ENRomeite - CaNaSh
mHematite, syn - Fe2 |_Sodium Iron Sulfate DAntimony, syn - Sb
EPyrite, syn - FeS2 - DPyrrhotite - Fel.05 nStibiconite - SbSh2

3 - cypetT. KCK cyppMa keruHuH qudpakTorpaMmach
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3 - tabiuna. KCK cypbma kernHuUH (pa3ayiblk Kypambl

KoMImoHeHTTepIMH aTaJIbIIIbI dopMynacel Omnmuemy,%
TeMAaTHT - KPUCTOOOJIUT Fe,05SiI0, 25,5
APUT FeS, 21,2
MarHeTHUT Fes;0, 12,4
temupauH (ll)rekcanarpuii- NagFe(SO,)4 12,1
TeTpacynb(arbl
MUPPOTUH Fe105S0.95 11
KaJIbIIU AaHTUMOHATHI CaNaSh,04(OH) 8,2
CYPbMAaHBIH THJIPOKCOKBIYKBLIBI SbSh,04(0OH) 54
HATPUH aTIOMUHATEI NaAlO, 2,65
TIepuKIIa3 MgO 0,13
aKuTaIIl CaOo 1,67
Baapapiret: 100

CyppbMa K€K KalJbITBIHBIH KBIYKBUI UYOHPOae  aXbIpOO  IPOIECCH

SHTPOMUSHBIH MaKCHUMYM MaaHUCHUHJE 3cenTenau (Temmneparypa 298 nen 3098 K
yeiiun e3repreH, O0aceiM 0,1 Mlla Ty3ay, 4 Tabn.). @a3zaHblH KypaMbl: MOJIb/KT,
napIyalIblK 0acklIM MEHEH TYIOHIYPYJIy, MHCaIbl KbIUKbUITEK (O;) y4yH Tra3
dazaceiHIa TOMOHKYIOM KOHIIEHTpAIUsUIbIK Oepunumitep ansiHabl: T, K - 298,
848, 1448, 2298, 3048; C, monv/kr - 10,88; 10,88; 11,99; 12,77; 13,09; P, Mlla -

0,084, 0,084, 0,084, 0,078; 0,060.

4 - tabmuua. CypbMa K€K KaJIbIbl-KbIUKBIITEK CHUCTEMaHbIH (PU3MKa-XUMHUSIIBIK
KaHa TepMOJIMHAMHUKaIBIK kepcoTkyduTtepy. P = 0,1 MIla, z=0,48 - 0,19

T K V107, AS, Al AU, Cp-10*, | Mu-10°, | Lt-10°, 107
’ M3/ KT KI[}{(/ (KFK) KI[)K/ KT KI[)K/ KT K}l)K/ (KFK) Ila-c Bt/ (MK)
298 31,89 3,10 -4158,3 | -4158,2 7468,7 1,82 2298,2 654,4
398 | 42,60 3,33 -4079,5 | -4090,2 8246,7 2,30 3013,7 | 668,6
498 53,32 3,52 -3993,6 | -4015,0 8843,7 2,72 3698,9 676,0
598 64,22 3,70 -3893,8 | -3926,0 9337,2 3,11 4354,4 679,7
698 | 75,16 3,86 -3794,6 | -3837,7 97314 3,46 4983,7 | 682,1
798 86,13 3,99 -3689,8 | -3743,8 10115,2 3,80 5590,0 684,2
898 97,76 4,14 -3564,8 | -3630,1 10470,8 4,13 6181,7 685,8
998 | 110,65 4,31 -3411,8 | -3489,4 10088,0 4,47 6767,6 686,7
1098 | 125,03 4,47 -3244,8 | -3335,8 10178,9 4,81 7343,8 | 687,3
1198 | 138,21 4,59 -3097,3 | -3201,1 10185,4 5,12 7889,0 | 687,8
1298 | 151,25 4,70 -2964,2 | -3080,7 10265,4 5,44 8403,7 685,8
1398 | 165,31 4,82 -2809,1 | -2939,1 10245,9 5,89 8902,1 | 670,1
1498 | 181,99 4,96 -2608.2 | -2754,0 10187,4 6,15 9320,0 | 670,5
1598 | 194,36 5,02 -2502,8 | -2660,9 10241,5 6,42 9784,8 670,8
1698 | 210,24 513 -2326.8 | -2500,1 10271,5 6,67 10197,7 | 671,1
1798 | 227,46 5,27 -2074,6 | -2264,4 10216,3 6,93 10660,4 | 671,9
1898 | 245,99 5,49 -1678,9 | -1886,3 10692,8 7,16 11030,0 | 672,7
1998 | 260,30 5,56 -1541,6 | -1763,1 10733,8 7,40 11446,5 | 674,2
2098 | 276,49 5,64 -1368,3 | -1605,5 10731,0 7,64 11761,7 | 677,8
2198 | 294,17 5,73 -1174,4 | -1428,6 10731,2 7,86 12088,9 | 681,5
2298 | 312,54 5,82 -986,1 | -1258,1 10692,6 8,04 12413,3 | 682,5
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2398 | 333,11 5,91 -765,5 | -1057,2 10633,1 8,20 12707,3 | 683,1

2498 | 348,73 5,97 -617,5 | -924,6 10665,9 8,42 13118,5 | 682,6
2598 | 366,57 6,04 -430,8 | -755,3 10687,0 8,62 13495,7 | 6821
2698 | 393,34 6,17 -94,6 -444.5 10654,9 8,75 13734,1 | 681,9
2798 | 437,00 6,42 604,2 213,8 10543,9 8,92 14062,1 | 681,2
2898 | 464,84 6,55 948,3 531,3 10538,8 9,13 143976 | 6794

2998 | 502,53 6,71 1449,3 996,8 10492,2 9,34 14645,9 | 676,3
3098 | 562,85 6,99 2302,1 | 1793,4 10332,6 9,52 14669,9 | 670,3

bupnuk xenem (V), suTponus (S), IUHAMUKAIBIK HIAAMIKEKTUK (Mu),
KBUTYyTyK eTkepryuryk (Lt), TemmepaTypaHbH Koropyniambl MeHEeH ecer (4
tabmn.); saTanenus (1) sxana waku sHeprusiabiH (U) Maanunepu temmeparypa 298
JnaH 2698 K yeliH ©3repreHie TepC MaaHWUTEe 33, JEMEK JKOropyaa H3WIJICHTeH
NPOIICCCTEPIUH JKYPYLIY KaHa OarbiThl SHTaIbNHUSAHBIH (AH<0) xaHa wdku
sHeprusiHbiH (AU<0) MaaHuiepyu MEeHEH TacThIKTay el 2698 K Garran »oropyza
KOPCOTYJII6H TEPMOAMHAMUKAIIBIK MapaMeTpiep OH MaaHure 33 Ooiym, ras
¢azaceinaa KoHaeHcupieHreH ¢dasanapabH (z = 0,48 - 0,19) MaccalbIK YIYIIYHYH
TOMOHIOIIYH KepceTeT. I[IpaHaTnablH  OUPAMKCU3  KPUTEPUAIJBIK  CaHBI
(KMHEMAaTUKaJIbIK ~ WIIIMIKEKTUKTUH — Juddy3us  korpduuueHtnHe OOITOH
katHaiel) Pr. = 0,65 - 0,69 apanbIrbiHIa €3repeT jkaHa ajl caH ra3 (a3achlHIarsl
aHBIH TEOPUSIIBIK MAaaHUCHHE Aan keneT. OMOHIYKTaH, Oyn )kargail cyppMa Kek
KaJJABITBIHBIH  (PU3UKA-XUMISUIBIK MOJENMH JKaHa AaHBbIH HETH3WHJAE AalIbIHTaH
ACENTOONIOPAYH  TYYpPalbITBIH  JAMWIACHT  (IMCCEPTALMSHBIH  THPKEMECHH
KapaHbI3).

KCK cyppMa KErMHMH HETM3IM KOMIIOHETTEPH: TE€MaTHT, KPHCTOOOJMT,
OUPUT, MAarHETUT, TEMUPJUH FeKCaHATPUN-TETpacyab(daThl, MUPPOTUH, KaJbIH
AHTUMOHAThI, CypbMa THUJIPOKCOKBIUKBIIBI, HATPUM alOMHUHAT, MEpPHUKIAa3 >XKaHa
akuTaml. AJ MM aHJarbl CypbMaHbl KapMaraH 3aTTap >KOTOpKY TeMmIeparypaja
KbIUKBIJI YOWpe1e aXbIpal, TOMOHKY MOJIEKYJAJblIK KOMIIOHETTEPAH, aTOMapIbIK
’KaHa HOHAYK Oesykuenepay maiaa keutat (5 Tadu., 4 -5 cyper).

5 - tabmuna. KCK cyppMa Kek KalIbIIbl-KbIYKBUITEK CHCTEMACBhIHArbl CypbMAaHbI

KapMaraH KOMIIOHETTEp kaHa OelyKuesiepayH KoHueHTpauusiapsl (C, MOJIB/KT),
P =0,1 MIla, T = 298 - 2698 K, AH<0, AU<0

C, Mosb/kr | 298 598 1048 1648 2048 2348 2698
Sh - - - 0,375e-6 | 0,00101 | 0,01014 | 0,03102
Sh, - - - 0,57e-10 | 0,517e-5 | 0,491e-4 | 0,5559%-4
Shs - - 0,105e-8 | 0,196e-7 | 0,1579%-7
Sh, 0, 1097e 11 (2098 K) — 0,1043e-11 (2648 K)

Sb’ - - - 0,278e-9 | 0,477e-7 | 0,5615e-6
ShO,” - - - O,645e-9 0,238e-5 | 0,197e-4 | 0,1533e-4
SbO - - | 0,14e-11 [ 0,629e-3 | 0,13528 | 0,35202 | 10,3219
SbH - - - 0,554e-8 | 0,811e-4 | 0,00173 | 0,01109
SbS - - - - 0,138e-7 | 0,715e-6 | 0,9303e-5
SbO, - - - 0,507e-6 | 0,999e-4 | 0,243e-3 | 0,2058e-3
Sh,Os - - ] 0,323e-7 | 0,09093 | 0,05697 | 0,247e-4 | 0,6146e-9
Sb,04(c) 0,18217 (1098 K) - 0,0364 (1348 K)

Sh,0s5(c) 0,821 [0,1821] 0,821 | - | | -] -
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CyppMa KeK KaJIJbIThl a)KbIparaHjaa, KOMIIOHETTEp, aTOMAapJbIK, TOMOHKY
MOJICKYJIAJIBIK JKaHa MOHAYK Oeiykuesiep (Iuccepranusiga OCpHITeH), OIIOHION
63 (] SlOz (K), A|203 (K), Fe;O4 (K), MgSlO;; (K), CaS|O3 (K), Na28i205 (K), Sb204
(x), Sb,Os (k) TuHOMHAerM KoOHACHCHpJcHreH (azamap maiga Oosor. Kek
KaJJIBITBIHIATEl  ©JTYOMIOPY UYOH HETM3TM  MeTaulgap JKaHa  ayapJiblH
KOIITyJIMAJIapbIHBIH ~ KOHICHTPAIMSJIBIK — Tapalbllllbl, TEeMIEpaTypaaaH  Ke3
KapaHabUTBIKTaph! 4 -5 cypetrepne o6epmiren: 298 - 1048 K, Sb,0s (x) = 0,18217,;
1248 K, Sh,04 (x) = 0,17934; 1448 - 2148 K, Sh,Og = 0,09108 - 0,09093 - 0,07944
- 0,01773; 2148 - 2948 K, SbO = 0,28925 - 0,35202 - 0,33822 - 0,33334 - 0,28473
- 0,27603 - 0,35202; 2348 — 2998 K, Sh = 0,01014 - 0,02005 - 0,0233 - 0,05613 -
0,06236; 2948 - 2998 K, ShH = 0,02317 - 0,02564.
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CypbManbIH KbIuKbUIAApbIHBIH (Shy05 (k), Sb,04 (k), SbsO6, SbO) numnen
SbO emuemy ( 2148 - 2948 K) 1xkr ra3 ¢asaceaa 0,289 - 0,352 moab ty3et (4 -
CYpeT). ANl MM KYKYPT, TEMHUp >KaHa HaTpuhauH Maccaiwslk yiaymTepy KCK
CypbMa KEK KaJJbITbIHAA apOblH JKaHa  alapJblH  KOHIICHTPALUSIIBIK
TapaJbIIIBIHBIH (MOJIB/KT) TeMIIepaTypajiaH Ke3 KapaHIbUIBITbIH 4 - 5 cypeTTery
OCpUIUIITEp TACTBHIKTAUT (IMCccepTalusHbl KapaHbl3). JKoropyaarbl ajbIHTaH
HaTBIKaJIap, KeKTH OACKBIYTYy OaJIKbIN 3puTyyAe, anmaH: SD,0s(k), Sb,04 (),
Sh,0¢, SbO, MeTamapik cypsManbl (Sb) sxana cypbManbiH THIpHaAnH (SbH) amyy
MYMKYHYYJIYKTOPY OPYH aJlapbIH KOPCOTTY.

CyppMa KeK KalJbIThIHAH AQJBIHTAH 3aTTap KOIIYHAYJIapabl KapMaur,
OMOHAYKTaH aJlbIHTaH KaTyy ¢asa, aHgaH apbl KBIYKBUI  YOUPOJIe
(aBTOpedepaTThIH 5 OeTHH Kapa): cypbMa KerH (CYpbMaHbIH CYJIb(QHUOAM) - TEMHUP
xnopuau (1) - Ty3 xmcmortacel (2), cyppMa Keru (CypbMaHBIH CYIb(GUIN) -
MapraHeiTHH KOII KbIYKbLIbI (1V) - KyKYpT KHCIOTAchl - HAaTpUiAAUH Xaopuau (3)
['u606c SHEpPruscCHIHBIH MHHUMAJILIK alanbiHaa, 0.a. cucTemanapjia TeH
CAIMAKTYYJIyK TOJYK OpYH airaHja »3CEeNTeNuIl, SJpUTMEe Taiijna OoJroH
3apsaafanral Oesrykuesiep (KaTHOH >KaHAa aHMOHJOpP) MEHEH MOJeKyJalapAblH
KOHIIEHTpAIUSJIAPbIHBIH  TapaJiblllibl TaOBUIABI  (IUCCEpTAlUSAarbl TUPKEMEHU
kapa). [a3 aHa CylOK 4eilpeaery >KalramkaH KOMIIOHETTEp allapiblH
CHUCTEMaJarsl Apyy >KOHIOMAYYJIYTYHe, (a3zamapiarbl TEH CAIMaKTYyJIyK KaHa
KYMYIT9y  KOHIICHTPAIMSUIAPBIHBIH ~ ©3TOPYIIYHO  OaWaHBINTYy OSKCHIUTH
OeNITHIIEHTH.

DkuHYM cucTeMaHnblH (2) katyy daszaceiaga: FeCl,, FeCls, As,S;, S, SbOCI,
SiO, maiina 6onoopy Oalikamsl, 0.a. KeKTeru cypbMa oupukmenepu (SbS, Sb,S;)
CypbMaHbIH XJIOp KblukbUIbIHA (SbOCI) aiinanapl. OpuUTMeneru CypbMaHbl
KapMaraH KOMITOHETTepAMH ap KaHmad Ttemmeparypagarel (288 - 358 K)
TapaibTapbl: pH, KbIYKbUIIaHYy KanblObiHA Kenyy noreHuuansia (Eh), nonmyk
kyury (1) aHBIKTOOro MyMKYHYYAYK Ty3ay: (2) cyppMa keru (CypbMaHBIH
cyasbumn) - FeCls - HCI 288 K, pH = 6,76, Eh = 0,58 B; 298 K, pH = 6,40, Eh =
0,58 B; 318 K, pH = 4,93, Eh = 0,60 B; 333 K, pH = 3,94, Eh = 0,62 B; 358 K, pH
= 2,67, Eh =,65 B, nounyk | = 10. U3nenren cucremasa (2) CyyTeKTHK KOPCOTKYY
pH = 6,67 - 2,67 ueitun e3repeT, 0.a. peaKUSHBIH YOUPOCY KBIUKBLI, JEMEK
sputmenie (SbOCI) cypbMaHbIH XJIOp KBIYKBIIBI YOKMOT© TYIIOT. Ara aMMOHHUM
CYy KbIUKBUIbIH (€ HaTpuil KapOOHATHIH) IIEJIOUYTYY 4YeHpeae KOIIKOHIO
cyppMaHbiH (SbyO3) KbrukbLIbl Maiina 60m0T. CypbMaHBIH K€K KaJIBITBIH TEMHP
xmopuau (111) - Ty3 KucnoTackiHIa SpUTYYHYH onTUMaAbIK Temreparypacsl (T =
358 K), pH = 2,67 xxana Eh = 0,65 B, 6.a. KblUKbUIIAHABIPYYUY UYOWPOHYH
napamerpiiepu oenrmnenau (En>0).

CypbMa ker# (CypbMaHbIH CYJIb(UIN) - MapraHeNTHH Kol KeIaKbUIb (1V) -
KYKYPT KHCJIOTachl - HaTpuitauH xmopuau (3) cuctemace 288 - 358 K, 6aceim P =
10° ITa GachIM Ke3MHIE M3MIACHIH. N3un1eeHyH KbIMBIHTBITBl TEH CaJIMaKTYyYJIyK
kypamabl, pH, Eh, nounyk xyu () maanuiaepun Oepau jkaHa KOMIIOHETTEPIUH,
3apsAafairaH  MOHAOPAYH, aHBIH WYWHAE XJIOpJy KapMmaradn OeyK4elepayH
(CaCl”, FeCI, FeCl*™?, MgCI*, MnCI*, CI') ap kanmmaii ¢asanmapaars! (T, ¢, K )
KOHIICHTPAIUSIJIBIK TapaJIbIIITAPEIH KOPCOTTY. ONMTUMANIIBIK CYYTEKTHK KOPCOTKYY

(pH) 1,96, 6.a. kbrukbUT uyeiipe. MpIHIAH YeWpene CypbMa KEK KalJbITbIHAH
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CypbMa XJIOp KbIYKBLJIBIH aJIbIN, aHIAaH apbl aHbl CypbMa KbIUKbUIIapbiHa (SD,03,
Sh,0s) etkepyyre Gomor. Cucremaznars! (3) omrumansik mapamerprep; P = 10°
ITa 288 K, pH = 2,05, Eh = 1,14 B; 298 K, pH = 1,96, Eh = 1,15 B; 318 K, pH =
2,02, Eh=1,13 B; 338 K, pH = 2,14, Eh = 1,12 B; 358 K, pH = 2,3, Eh = 1,1 B;
pH maanunepu 1,96 nan 2,3 deitnn e3repeT, ajl MU HOHAYK Ky4d OHro 6apadap.

CypbMa Keru (CypbMaHbIH CYIb(GHUIAN) - MApraHeUTHH KOl KbukbLIbl (1V) -
KYKYpPT KHCIOTachl - HaTpuiiauH xyopuau (3) cucTeMachl TOMOHAOIYIei
XUMUSIIBIK PEAKIUsIap MEHEH MapTTaIaphbl OCITUIICHIH:

Sh,S; + 3MnO, + 6H,SO, + 12NaCl = 2SbCl; + 3MnCl, + 6Na,SO, + 3S +6H,0
Cypsma kerunzaeru Sb,S3 apyy mporieccu TOMOHKY peakiysuiap MEHEH KOIITOJIOT
[Conoxenkun I1.M.]:

H,SO, + 2NaCl = Na,SO, + 2HCI
MnO, + 4HCI = MnC|2 + C|2 + 2H20,Sb283 + 3C|2 = 28bC|3 + 3S
MnO, + 2H,S0O, + 2NaCl = MnC|2 + 2Na,SO,+ Clz + 2H,0
Sb,S; + 12Cl; + 12H,0 = 2SbCl; + 3H,SO, + 18HCI.
Kek kanmpikTarel cypbMaHbiH cyabpuaunHn MnO, - H,SO, - NaCl
4eUpecyHIe 3pUTYYy, aHbl Oamrankel abanma SOCls, angan kuiitMH CyphbMaHBIH

kelukbiapeiHa (I sxana V) etkepyyre MyMkyHuynyk Oepau. Ilaiina Oonron
cyppManbiH xjiopuau (I11) 6ackeuTyy ruApOaN3re yuypamur:

SbCl; + H,O = SbOCI + 2HCI
SbOCI + H,0 = Sb,0sCl,(Sh,S; - 2SbOCl) + 2HCl
4ShCl; + 5H,0 = Sb,OsCl, + 10HCI.
Cypsma kbrukbuibiH (I11) anyy, cypbMaHbIH XJIOp KbIYKBUJIBIH AMMOHHN CYy

KBIYKBIJIBI 7K€ HanI/Iﬁ Kap6OHaTBI MCHCH apaKCTTKC KUPIru3yYYHYH HCTU3NMHAC HUIIIKE
allbIpbIIIAT.

SbOCI + NH,OH = Sh,0; + NH,CI + 3H,0
SbOCI + Na,CO; = Sh,05; + NaCl + CO,
Sb,0sCl; + 2NH,OH = 2Sb,03 + 2NH,CI + 3H,0
Sh40sCl, + Na,CO3 = 2Sb,0; + 2NaCl + 3CO,,

all MM albIHraH cypbMa KbuKbUTbl (I11) KbIUKBUITEK MEHEH peakiusara KHUpreHae
CYpPbMaHBIH OCIITHK KBIYKBLIBI aibiHAT: SD,03 + O, = Sh,0s.
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Cucremanapja CypbMaHbl  XJIOPJIOOYY areHT KaTapbl  Ty3apblH
sputmesiepu (NaCl , FeCls) konmonynay, omoHAyKTaH ra3 ¢a3achlHIa 3bISHIYY
docren jkaHa KYKYPTYY CYYTeK maiija OOJITOH YKOK, ajl 3MHU KaTyy (azama 60co
KYKYPT OpYH aJijibl, IEMEK, aiiyilaHa - Y4oHpOHy OyJIroody 3aTTapAblH TEXHOTCH UK
0acBhIMBI a3aiIbl.

Hareplitkama, CyHymITairaH KeK KaJJAbITBIHBIH (PH3MKA-XHUMHUSUTBIK MOJICITH
’KaHa aHbIH @KBIPAIbl KOI KOMIIOHETTYY TeTeporeHamk cucremanapasl (1 - 3)
W3WIIOOHYH HETH3WH[IE, CHCTeMara KHPIeH OSJICMEHTTEPAMH  MacCalbiK
(caaMakThIK) OalaHCTaphlH TY3YY JKaHa ajapAblH aWKelml KEIUIIM MCEHEH
TaCTHIKTAJIIBI.

CypbMa KeK KaJIbITbIH 3KH 0acCKbIMTYY OaJIKbITBHIN JPHUTYY JKaHA
KeKTeH CypbMaHbIH KbIYKBLUIBIH  (I1l) anyyHyH npuHOHNHAIIBIK
TeXHOJIOTUSIJIBIK CXeMaChl

CyppMa KeK KalAbITbl aXbIparaHja KOHJEHCHUPJICHTEH CypbMaHBIH
kprukblIaapsl 1098 - 1248 K vernnne maiina 6050t (5 Ta0:1.), OIMOHAYKTAH ajapabl
allyy TpOLIECCH KU OacCKbIYTyy OajKbIll SPUTYYHY KamTbiabl. KekTuH yirycy
(emaomy /0,05-0,1/ 10 m, maccacsr 5 - 40 r) kypraryydy mkadra 371 - 383 K
Kyprateutsinn TepmuaaTop - 100 Tubungern (ke JJCA 400 THINTYY) TaakaiarsdTa
Malgananabl. AHAaH apbl YATYHYH CBIBBIKTYY euemy ESSA map termpmenunme
0,027 10°° m ueiinH KeTKUPHIA. AHIAH KHAWH MaliIaTaHraH YITYHYH HETH3HH/E
(xex : mmxTa = 1:3) mmxTa (70% riuet/PbO/ + 20% coma + 10% Oypa) naspaaisi,
albiHraH Macca Oyymai yHy (1 - 3r), kymym wHutpatel (0,2 MJI) MeHEH
apalamTeIpbUIALl. MBIHAA YH KBIYKBUT YOHPOHY KapMmaml YYyH, al dMH
KopromyHayH Kerakbliel (PDO) kyitmaHbI akaa KbUTyy jKaHa KYMYIITYH HUTPAThI
(OGaanmyy meTamigapabl CHHUPUIT aiyy), 0.a. KOPTromyH - KYMYII KOJUJIEKTOPY
Karapbl KojjoHynar. OIIEHTUN, alblHTaH IIMXTa TMOJUATHICHIUK TTaKETKe
CaJIBIHBIN, OUp ©6HYeW Macca OOJTOHTO0 YEWHWH JKaphIM CaaT apajallThIPbUIBII,
aHJaH KUWWH TUTENTe KYKTOIYII, MEIIKe calbIHabpl. MemTun Temneparypacst 1328
— 1473 K. MpiHgai maprra muxrta apaiammacs! 45 - 50 MyHeTTe OaJKbIIl dpHI,
KOPTOIIYHIyH KEKTEr MEeTauilap MEHEH OOJITOH KOIl KOMIIOHEHTTYY KyHMachIH
(BepxoOueit) maiina kputaT (1203 - 1303 K), am smu ra3zgap o3 anapiH4a OOJTYHeT.
AJBIHraH KyiiMa 4OIOH uauIyesnepre Kyrwonyi, adaga 10 - 15 myHeT my3aarbLiar.
Jlemex, OMPHHUYWIMK OPUTYYA® METAUAap J>KaHa alapAslH OupUKMeepu
KOPTOITYH-KYMYII KOJUIEKTOpYHA KYTYJIYIT KyWMaHbI IMai/1a KbIJIaT )KaHa ajl KBapil
TamTaHaeIchl (I1arbl) MEHEeH KanTanaT. KopromyH KyHWMachIHBIH OCTHHJIETH
KBapIl IUIarel 0ajika MEHEH YarbUIbIN TazajaHaT.KylMaHbl SKUHYHIIUK PUTYYIO
(kynengee) wmemTuH Temneparypackl 1253 K tyzer. 2PbO — 2Pb + O,
pEaKIMsSIChIH HWINKE aliblpyy MaKCaTblHAA /KOPTOMIYHAYH OalKbIll  3pYY
temmeparypackl 600 K (327°C) / BepkOmeit anasia ama 10 - 15 myner 1053 K
pICBIThIIAT. Kymenmee mpoieccMHIe MEIITHH Maiia KO30HOKTYY akKk TYCTery
OeTrTepw alpbIM WIETOYTYK, MICTOUTYK KEp METaulap, KOPTOIIyH, CeUpek
Ke3/emyydy Oamika MeTauIIapAblH COpPYIYyIIyHaH capbl TYCK® ©TeT. TurenauH
TyOyHae »9pyy Ttemmeparypackli 800 K xoropy OOJAroH MatauigapibiH
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apaJjlaliMachl, aHbIH MYUHJE CypbMa jKaHa aHbIH KOIIyJIMajaphl Jarkl OPYH ajar.
AJNBIHTaH KyMylIl-cypbMa OHUpPUKMECMHUH O€THMHEH KOPIOUIYHJIYH AaKbIPKbI
OenyK4YeNepyH alblll Ta3ajaraHjaH KWWWH, an >KapKblpail Tymet, Oyn 06oJico
KOPIOIIYH KyHMAachlH SKHHYMWIMK SpUTYY (KyIenmee) MpOIECCHH asKTOOHYH
MYHO3YH OWIguper. AHAAH apbl OUPUKME MY3JATbUIBIN CIEKTPAUK aHaIU3
Kypry3ysieT. W3unneenepliyH HETHM3WHAE CypbMa KEK KaJAbITBIHAH JKU
0aCKBIUTYYy OAJIKBITHINT 3PUTYY MEHEH CYIb(UIINK CypbMaHbI KaHa aHbl KbIYKBII
yeilpesle IpUTMEre OTKOPYY MEHEH CYpPbMaHbIH KBIUKBUIBIH  allyyHYH
TPHHIIATTAAIBIK TEXHOJIOTHSIIBIK CXEMAChI HINTEIUIT YBIKTHI (CYpoT - 6).

Cypbma kek Kaaabirsl (%0)
Fe,03 SlOz (25,5) - FeS, (21,2) - Fe;04 (12,4) - NagFeS,045
(12,1) - Fel_0580_95(11) - CaNaSbZOGOH (8,2) - SbSbgOGOH
(5,4) - NaAIO; (2,65) - MgO (0,13) - CaO (1,67)

kek + muxra (70% raet/PbO/ + 20%
coma + 10% Oypa) + yu + AgNO,) ,
oupuHumnuk sputyy 1203 - 1303 K

/ \

["a3mpiH Bepxoeit (kex+Pb) max
OeyHyIIy (MeTayIIap MEHEH (SiOy)
(KYKYpTTYK) KOPTOIIYH/IYH KyHMachl)

DKUHYWIUK 3pUTYY (KyTIemniee)
1173 K
2PbO — 2Pb+0,
2Pb + O, — 2PbO

copyI anyy, 6enyy
(keHIOMUOTYY
TUTEIIJIE)

— i

MeTaJuIIapAbIH metaaap (Ag, Sb....),
apamammace! (Pb,Na....) (opyy Temmeparypacsl 800 K sxoropy),
(3pyy Ttemmeparypacei t= 800 K Cynb(pUAIUK CypbMa + KBIYKBLT 40pO
TOMOH) — cypbMa(lll) KbIUKbLUTBI

6 - cypet. CypbMa K€K KaJAbITbIH KU OACKbIUTYy OAJIKBITHII SPUTYY XKaHA KEKTEH
cypbMaHbIH KbUKbUTBIH (1) anyyHyH mpHHIMIHAIABIK TEXHOIOTHSIIBIK CXEMACHI
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KBIMBIHTAKTAP

1. Cypema kek kamabirbiHbiH (KCK) da3zanbik kaHa 3J€MEHTTHK KypamIaphbl
anpikTanabl. Cyppma kekTe Kanbluii anTuMoHaThl CaNaSb,Og(OH) xana
CYpbMaHBbIH  THIPOKCOKBIUKBUIBI  SDSh,O6(OH)  TypyHme  ke3xeriepu
oenrunenau. Kexkreru cyppMaHblH CyMMapIbik eademy 3,93 - 4,5% Ty3ay.

2. CyppMa KEK KaJbITBIHBIH (DU3UKA-XUMUSIIBIK MOJETH TY3YJAY JKaHa KEKTHH
ra3-CyloKTyK 4eipenery axsIpoo Impoieccu uswineHaun. KommoHeTrtepanH
*KaHa O0eJYKUeNepIyH Ta3 - CYIOKTYK 4eWpeaery TeH CaJIMaKTYyIyK Kypambl
’aHa KOHIEHTPAUMSIBIK Tapalbllllbl aHBIKTAIAbl. KEKTHH aXbIPOOCYHYH
Kypyury skaHa Oarbitel SHTambNUSIHBIH (AH<O0), wuku sueprusiabH (AU<O)
TEpC MaaHUJIEPU MEHEH TaCTHIKTAJIIBI.

3. CypbMa KeK KaJAbIThIHA KYKYPT, TEMUP, HATPUNUINH KapMaJIbIIIIBl apObIH JKaHa
aNapZblH  KOUIyJMajapbl aXbIPpOOJAO KOMIIOHEHTTEp, OeJyKuesep xKaHa
KOHJIEHCHUpJICHTeH (asamap maiga Oomot: SiO,(k), Al,O3(k), Fes04(k),
MgSlO;;(K), CaS|O3(K), N3.28|205(K), Sb204(K), Sb205(K)

4. CypbMa K€K KaJIJbITbIHAH aJbIHTAH CYpbMaHbIH KOHJEHCUPJICHIECH
komrynmanapsl 1098 - 1248 K maiiga 60710T, OMIOHAYKTaH KaTyy ¢a3aHbl KU
0AaCKbIUTYy OQJIKBITBIIT JPUTHUI, KEKTETH CYPbMAaHBIH CYJIbQUIANH KBIYKBLI
gyelipene cypbManbiH KbrukbuibiHA (I11)  eTkepyyHYH ikaHa amyyHyH
MPUHIUTINAIIBIK TEXHOJIOTUSIIBIK CXEMAChI TY3YJIY.

5. CypeMaHbIH CylIbQUINH KbIUKBLT Yeiipene xiopioono tysmap (FeCls, NaCl)
KOJIIOHYJITY JKaHa anap cyibduaan cypbMaHblH XJop KberakbuibiHa (SHOCI)
eTkepyyre mapt ty3ay. [lafiga 6osrorn ShOC aMMOHHMIIWH CYy KBIYKBIIBI
(xe HaTpuii KapOOHATBI) MEHEH apaKETTCHUIIKCH]IE CYpbMAaHBIH KBIUYKBLIbI
(1) aneraael. Haterikana, 3puTMeeH 3bISHAYY (OCTeH, KYKYPTTYY CYYTeK
OOJYHYTI YBIKKAH OK, 0.a. 2JIEMEHTApIbIK KYKYPT YOKMOT'® TYIITY.
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Tynryuy6exoBa Kbuiabi3 TyHryudekoBaHbIH
«KpIuKbIT ueiipes® CypbMa KEK KaJJbITBIH aXbIpaTyy HpPOLECCUH (HU3HKa-
XUMUSUIBIK  MOJAENJCHITUPYY KaHa cypbMaHblH KblukbUibiH (III) amyy» peren
temaga 02.00.01 - opraHukajgblk >MeC XUMHUS AJUCTHUTH OOIOHYA XUMUS
WIMMJICPUHUH KaHAWAAThl WIMMHUN Japa)kachblH ajyyra TajanTaHBIN >Ka3bUIraH
JUCCEPTALMSICHIHBIH
KOPYTYHAYCY

Herusru ce3mep: cypbMma, K€K, KajAblK, YOHPO, KBIUYKBUITEK, aXBIPOO,
KOHIICHTpAITUs, TApaJIbIII, (PU3UKA-XUMUSIIBIK MOJIETT

N3unanee o0beKTHCH: CypbMa KEK KaJABITBIHBIH JJIEMEHTTUK, (Da3ajbik
Kypambl, Ta3-CyloK a3amapia CypbMaHBIH KBIYKBUIIAPBIHBIH — TapaJIbIIIIbI,
KOMITOHEHTTEPIUH TEH CAJIMaKTYyJIyK >kKaHa >KyMYII4y KOHIICHTpAIUsIaphl,
XUMUSITBIK, (PU3UKA-XUMUSUTBIK, TEPMOIUHAMHKAJIBIK MYHO3IOMOJIODY.

Nmrun makcarbl: CyppMa kek KanasirbiH (KCK) rasz-cyroktyk deiipene
aXbIpaTyy TMPOIECCUHUH (PU3MKA-XUMUSIIBIK HETHU3UH TY3YY JKaHa KEKTUH
HEru3uH/Ie cypbMaHbIH KbIuKkbUIbIH (111) amyy.

N3ungeenyH bIKMajapbl :KaHa :Ka0dayyJaap: aTOMIyK-aOCOpOIHUSIIBIK,
peHTreH-(a3aiblK, pacTPABbIK-3JIEKTPOHAYK MUKPOCKOMUS, PEHTTEH-CIEKTPaJIbIK
MUKpOAHAIU3/IEP; XUMUSIIBIK, (PU3UKA-XUMUSIIBIK, TEPMOJMHAMUKAIIBIK bIKMAJIAP;
TETEPOTCHANK CHCTEMaHbl DHTPOMHUSHBIH MaKCUMaIbIK jkaHa [ wOOCTHH
OHEPTUSACHIHBIH MUHUMAJIBIK MaaHWJICPUHAC MOJIEINO6 bIKMalaphl. Anmaparrap:
cnexktpometpiaep: AAnalyst 800, ICP OES Optima 7000; anmapat D8 Advance,
AIEKTPOHIYK-30HAYK MuKpoaHaim3aTop JXA - 8230.

AJIBIHTAH KbIABIHTBIKTAP JKaHa ajJlapAbIH KaHbLIBIKTapbl. CypbMa KeK
KaJIIBITHIHBIH (ha3alibIK JKaHa DJIEMEHTTUK Kypambl, (HU3HKa-XUMUSIIBIK MOJCIIH,
KOMITOHEHTTEPIUH TEH CAJIMaKTyyJIyK KypaMbl JKaHa KOHIICHTpaIUsIaphl
OupuHYn Koy aHbikTamabl. CypbMaHbl KapMaraH KOMIIOHEHTTEp kKaHa
OenykuenepayH (Qazamapaars KOHIICHTPAIUSJIBIK ~ TapaJIbIIIbl  TaOBLUIJIbI;
CYpbMaHBbIH KbIYKbUIIApbl Ta3 (aszackima: SbyOs(k), SbyO4(x), SbsOs, SbO
THOUHE OOMyITy, MBIHAAH CHIPTKAphl METAJUIABIK cypbMa (Sb) *kaHa CypbMaHBIH
ruapuau (SbH) opyn anmapel OenruiieHIu; KOHICHCUPJICHTEeH 3aTTapAbIH (U3HKa-
XUMUSJIBIK JKaHa TEPMOJMHAMUKAIIBIK MapaMeTpiiepu ICENTENIU; MeTauIapIbiH
xsopugaepu (FeClz, NaCl) meHeH Ty3 KHCIOTACBhIHBIH, ajl SMHA MapraHEeITHH KOIII
KbIYKBUIBIHBIH (IV) KYKypT KHCIOTAachl jkaHa XJIOPHA HATPHUIUH YOHpPOCYHe,
CYpbMaHBIH KEK KaJJIBITBIHIATBl CYpPbMaHbIH CYJb(DUIMHWH CYpbMaHBIH XJIOP
KblukbUlbiHA ~ (SbOCI])  aiinaHblibl  aHa aHbBIH HETU3WHAE CypbMaHbIH
KbIuKbUIBIHBIH ~ (I11)  anbiabier - Oenrwnenan. CypbMaHBIH  KEK  KaJIBIThIH
OQJIKBITBINI JPUTUII KylMara ©TKepYY, CYpPbMaHBIH KBIYKBUIBIH OaCKBIUTHIK
O6YYHYH >KaHa ajdyyHYH NPUHIUMHAAIABIK TEXHOJIOTHSUIBIK CXEMAcChl HINTEIHIT
YBIKTHI.

Koanonyy cynymrapbl. CypbMaHbIH K€K KQJIJBITBIHBIH XUMUSIIBIK,
(bu3UKa-XUMUSIIBIK, TEPMOIUHAMHKAJIBIK, CIIEKTPAJIJIBIK napameTpiepu
OpPTaHUKAJIBIK dMEC XHWMHUS >KaHa OPTaHUKAJIBIK 5MEC 3aTTaApPIbIH TEXHOJOTHS
KypCTapblH OKyyJla aIUCTHK MaTEepPHal KaTaphbl CYHYIIITAJIaT.

Koagonyy w4eiipecy. I[IpuHIMNUanaplKk TEXHOJOTHSUIBIK CXEMa KEK

KaJIAbII'bIHAH CYPbMAHBIH KBIYKBUIBIH aJIyyAa KOJAOHYJIIYITY bIKTbIMaJ.
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PE3IOME
nuccepranmu  TyHryuO6ekoBo Kbeuiapi3a TyHryuGekoBHb Ha Temy: «Dusmko-
XUMHUYECKOE MOJICJIMPOBAHUE TIpollecca JIECTPYKIMU CYPbMSIHOTO KeKa B
OKHCIIUTENIbHOU cpejie U nosiydeHue okcuaa cypsMbl (H11)» Ha conckanue yueHou
CTEIIEHW KaHAWjAaTa XHUMHUYECKMX Hayk mno crenuaisHocty 02.00.01 -
HEOPTraHUYeCKasi XUMHUS

KiioueBble cjiOBa: cypbMa, K€K, OTXOJ, CpeAa, KHUCIOpOJ, AECCTPYKIIHS,
KOHIIEHTpAIusl, pacupeaeienrue, GU3nKo-XUMHIECKas MOJIETb.

OO0bekT MccaenoBaHusi: (Pa3oBbIE U DJIEMEHTHBIE COCTaBbl CYpPbMSHOIO
KeKa; KOHIIEHTPAIIMOHHOE paclpefielieHue OKCHJIOB CYpbMBI B Ta30-KHJIKOCTHOU
cpele; paBHOBECHbIE M paboyle KOHLEHTpAaIlMM KOMIIOHEHTOB; XHMHUYECKUE,
(bU3UKO-XUMUYECKHE, TEPMOIUHAMUYECKUE XapAKTEPUCTUKHU CUCTEM.

Heapr pa6orbl. Pa3paborka (U3HKO-XMMHUYECKHX OCHOB JI€CTPYKIIHMU
oTBajbHOrO cyppMsiHoro keka KCK B ra3o-KuakocTHON cpeiae M MOITy4YEHHE U3
keka okcuaa cypbMmal (1),

Metoabl HccileI0BaHUSI MW anmaparypa: aTOMHO-a0COpOLIMOHHBIE,
peHTreHo(a3oBkbIe, pacTpoBas - AJIEKTPOHHAS MUKPOCKOIIHS,
PEHTTEHOCTIEKTPAIbHBIE MHUKPOAHAIHM3bI, XUMHUYECKHE, (PU3HUKO-XUMUYECKUE,
TEPMOJMHAMHYECKHE METOABl pacuera TeTepOreHHOM CHUCTEeMBl U €€
MOJICTTUPOBAHUE TPH MAKCHUMAJIbHBIX 3HAYEHUSX HHTPONHH W MHUHHUMAJIbHBIX
3HaueHusX sHeprun [ ub0ca. Anmapatypa: cnexkrpomeTpbl AAnalyst 800, ICP OES
Optima 7000; ammapar D8 Advance, a3yeKTpOHHO-30HIOBBI MHKPOAHAIH3ATOP
JXA - 8230.

IMosryyeHHble pe3yjbTAaThbl M HUX HOBH3HA. YCTAaHOBJICHBI JJIEMEHTHBIC,
¢dazoBeie coctaBbl cyppMsiHoro keka KCK M Ha uMX OCHOBE cCOCTaBlieHa €ro
¢u3uKo-xuMHUUYecKass MojeNb. BrepBele  ompeneraeHbl  KOHLEHTPALMOHHBIE
pacrpezieNieHusl CypbMyCOIEpKallluX KOMIIOHEHTOB U yacTHll B (pazax. OTMeueHo,
4TO B ra3oBoil (haze comepikaTcsi OKCHIbl cypbMbl B Buiae: SbyOs(k), Sby04(k),
Sb40s, SbO, a Tarxke BcTpeyaroTcst MeTalTMUecKas cypbMa (Sb) U rHAPHIL CYPbMbI
(SbH). Paccuurtanbl (Pu3NKO-XMMUYECKHE W TEPMOJMHAMHUYECKUE TapameTpbl
KOHJICHCUPOBAaHHBIX (ha3. BrlmenaunBanue CyppMSHOTO KeKa C XJIOPHAAMHU
meTaiioB (FeCls, NaCl) B cpene comnstHOlM KHCITOTHI, a TaK)Ke JUOKCHIOM MapraHIiia
(IV) B cpene cepHOI KHUCIIOTHI M XJIOPHJIA HATPUS TIO3BOJIAJIO MEPEBECTU CYIb(U
CypbMbl B XJiopokcu cypbMmbl (SbOCI) ¢ mocieayrommum MOJTy4YeHUEM OKCHIA
cypbMbl (I11). OcymectBiena aByxcraauiiHas miaBka cypbMsiHoro keka KCK u
COCTaBlieHa TPHUHIUIHUATIBHAS TEXHOJOTHYECKAs CXeMa TMOJNy4eHUs OKCHIA
cypbMmsl (111).

PexoMeHJalUM MO MCHOJb30BAHNK. XUMHUYECKHE, (PU3UKO-XUMUYECKHE,
TEPMOJIUHAMHUYCCKHUE, CIEKTPAIbHBIC MapaMeTpPhl CYPbMSHOTO KEKa IOJIE3HBI B
CHEIUATBHBIX KypcaX HEOPTaHWMYECKOW XUMHUU U TEXHOJOTHU HEOPTaHWYECKHX
BEIIECTB.

Ob6nacte npumeHenusi. [IpuHuUNUanbHAs  TEXHOJOTWYECKass cXema
JNECTPYKIMU CYpbMSHOTO KeKa B OKHUCIUTENbHOM cpele MOXKET ObITh

UCII0JIb30BaHa NpH MoaydeHun okcuaa cypbMsl (1) 13 oTBabHBIX KEKOB.
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RESUME
of the dissertation of Tunguchbekova Zhyldyz Tunguchbekovna on the theme
"Physico-chemical modeling of the process of destruction of antimony cake in
oxidizing environment and production of antimony (Ill) oxide" presented for
candidate of chemical science degree on specialty 02.00.01 - inorganic chemistry

Keywords: antimony, cake, waste, environment, oxygen, destruction,
concentration, distribution, physico-chemical model.

Object of research: phase and elemental composition of antimony cake;
concentration distribution of antimony oxides in the gas phase; equilibrium and
working concentrations of components with different component ratios and
temperature regime parameters; chemical, physicochemical, thermodynamic
characteristics and changes in the properties of the system.

The purpose of the work development of physico-chemical bases of
destruction of dump KSK antimony cake in a gas-liquid medium and production of
antimony (I11) oxide from a cake.

Research methods and equipment: atomic absorption, X-ray phase,
energy - dispersive spectral analyzes; chemical, physic - chemical, thermodynamic
methods for calculating a heterogeneous system and modeling it at maximum
values of entropy and minimum values of Gibbs energy. Equipment: atomic
Absorption Spectrometer AAnalyst 800, optical emission spectrometers
inductively coupled plasma ICP OES Optima 7000, apparatusD8 Advance,
electron-probe mikroanalizatorJXA-8230.

Obtained results and their novelty: The equilibrium compositions and
concentrations of the components in the antimony cake are determined for the first
time and the elemental composition of the cake is established on their basis. The
concentration distributions of the antimony-containing components and particles in
the phases are established for wide ranges of temperature variation and the ratio of
the initial substances; It was noted that in the gas phase antimony oxides are
contained in the form: Sh,0s (c), Sh,0, (¢), Sb4Os, SbO, and also metal antimony
(Sb) and antimony hydride (SbH). Physicochemical and thermodynamic
parameters of the condensed phases are calculated. Leaching of antimony cake
with metal chlorides (FeCls;, NaCl) in a hydrochloric acid medium, as well as
manganese dioxide (IV) in a medium of sulfuric acid and sodium chloride, allowed
the transfer of antimony sulfide to antimony chloride (SbOCI), followed by the
production of antimony (111) oxide. Two stages melting of antimony cake is carried
out and a basic process scheme for the production of antimony oxide is made.

Recommendations of use. The physico - chemical and thermodynamic
parameters of antimony cake are useful in special courses in inorganic chemistry
and technology of inorganic substances.

Field of application: The principal technological scheme for the destruction
of antimony cake in an oxidizing environment can be used in the preparation of
antimony (111) oxide from dump cakes.
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